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Specification 

1 . Title of the Invention 

Reaction Apparatus 

2. Patent Claim 

A gas/liquid or liquid/liquid reaction apparatus characterized in 
that, in a reaction container with a stirrer that is provided on one end 
with a fluid inlet port for the reaction, and on the other end with an 
outflow port for the produced reaction fluid, the reaction container is 
separated into a plurality of cells by stationary dispersion plates having 
a partitioning effect attached to an inner wall of the reaction container, 
the various cells sharing the same agitator shaft and being provided 
with agitator blades. 

3. Detailed Description of the Invention 

The present invention relates to gas/liquid and liquid /liquid 
reaction apparatuses, and in particular to apparatuses for continuous 
modification reaction of polymers. 

In Gas/liquid reaction systems, a polymer that has been 
dissolved in a solvent is mixed and brought into contact with a gaseous 
modifier to perform the reaction, and in liquid/liquid reaction systems, 
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a polymer that has been dissolved in a solvent is mixed and brought 
into contact with a liquid modifier with lower viscosity than the polymer 
solution to perform the reaction. In order to attain a uniform and high 
reaction rate in such gas/liquid and liquid/liquid reaction systems, it is 
5 necessary to finely disperse the modifier uniformly throughout the 
polymer solution and to narrow the distribution of residence times of 
the reaction product discharged from the reaction vessel. In the field of 
chemical industry, various reaction apparatuses have been proposed 
that are designed to let the reaction be carried out uniformly. For 

10 example, the reaction apparatuses disclosed in JP 57-1 709 14A and JP 
57-96006A are effective when the liquids to be mixed are highly viscous, 
but in gas/liquid reaction systems, the gas component is insufficiently 
dispersed, so that no effect can be expected. Furthermore, in the 
continuous bulk polymerization reaction apparatus proposed in JP 57- 

15 125202A, partition- type baffle plates are rotated together with an 
agitator shaft, so that the structure is such that a gap must be kept 
between the baffle plates and the reaction container walls, and when a 
gas/liquid reaction system is used, bubbles may pass directly through 
the gap, so that fine dispersion of the bubbles is not possible. 

20 It is an object of the present invention to provide a gas/liquid or 

liquid/liquid reaction apparatus, in which a fluid containing modifier 
can be uniformly and finely dispersed in a polymer solution, the 
distribution of residence times of the reaction liquid can be narrowed, 
and consequently, a uniform and high reaction ratio can be attained. 

25 The present invention thus presents a gas/liquid or liquid/liquid 

reaction apparatus characterized in that, in a reaction container with a 
stirrer that is provided on one end with a fluid inlet port for the 
reaction, and on the other end with an outflow port for the produced 
reaction fluid, the reaction container is separated into a plurality of cells 

30 by stationary dispersion plates having a partitioning effect attached to 
an inner wall of the reaction container, the various cells sharing the 
same agitator shaft and being provided with agitator blades. 

Examples of the polymer modification reactions to which the 
continuous reaction apparatus of the present invention can be applied 

35 include: 

(1) halogenation reactions of rubber polymers such as natural 
rubber, isoprene rubber (IR), ethylene-propylene-dienemonomer 
copolymer (EPDM), acrylonitrile butadiene copolymer (NBR), styrene- 
butadiene copolymer (SBR), butyl rubber (IIR), block SBR, acryl rubber, 

40 or butadiene rubber (BR), with modifiers such as fluorine, chlorine, 
bromine or iodine. 

(2) sulfonation reactions of the above-noted rubber polymers 
with modifiers such as sulfur dioxide, 

(3) hydrogenation reactions of the above-noted rubber polymers, 
45 (4) halogenation, sulfonation and hydrogenation reactions of 

resinous polymers such as polyethylene. 
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These reaction systems are gas/liquid systems or liquid /liquid 
systems with different viscosities as described above, but in the case of 
liquid/liquid systems, it is also possible to carry out the reaction in an 
emulsified state. 

5 As for gas/liquid reaction systems, when a polymer solution 

dissolved in an inert solvent and a gaseous modifier are supplied into a 
reaction vessel, a strong stirring force is applied immediately, bubbles of 
the modifier are finely dispersed throughout the polymer solution, and 
the reaction begins. Thus, while a state in which the bubbles are finely 
10 dispersed throughout the solution spreads to and is maintained in all 
portions of the reaction container, the reaction product is discharged 
from the container in a state that is overall close to a piston flow. 

Fig. 1 shows an example of a reaction container of the present 
invention. In this figure, 1 is a cylindrical reaction container, that has a 
15 jacket 2 and can be heated or cooled, as necessary. 3 is an agitator 
shaft to which agitator blades 4 are attached The container is divided 
into four cells by stationary dispersion plates 5 that are attached to an 
inner wall of the container and have a partitioning effect. The 
dispersion plates 5 leave a gap to the agitator shaft 3 and, surrounding 
20 the shaft, form an aperture portion around it. 

6 and 7 are inflow ports for the reaction, and 8 is a reaction 
liquid outflow port. 9 and 10 are the inlet and outlet ports for the 
heating or cooling medium. It is preferable that the rotation direction of 
the agitator blades is such that it causes the flow direction of the liquid 
25 to be opposite to the flow direction of the liquid in the entire reaction 
vessel, as shown in Fig. 1 and Fig. 2, because this prevents direct 
passing through, the distribution of residence times can be made 
narrow, and the reaction can be made uniform. 

For the agitator blades it is possible to use for example inclined 
30 paddle blades, disk turbine blades, or propeller blades, depending on 
the type of the reaction system, the viscosity, and the nature of the 
reaction, but as shown in Fig. 2, inclined paddles are preferable. Four- 
winged inclined paddles are particularly preferable, but three-winged or 
two-winged inclined paddles are also acceptable. It is preferable that 
35 the ratio between the blade diameter (d) of the inclined paddle agitator 
blades and the internal diameter (D) of the reaction vessel is 0.20 • d/D 

• 0.90. 0.30 • d/D • 0.85 are particularly preferable. If d/D is 
smaller than 0.20, then the flow in the cells becomes too weak, and 
particularly in gas/liquid reaction systems, fine dispersion of the 

40 bubbles cannot be attained. On the other hand, if d/D is larger than 
0.90, then the power consumption becomes large, and it becomes 
impossible to rotate the agitator blades at high speed in order to finely 
disperse the bubbles. 

It is preferable that the ratio between the agitator blade width (b) 

45 and the length (L) of the cells in the direction of the agitator shaft is b/L 

• 0.20. When b/L is smaller than 0.20, then dead -space-like residence 



3 



[Translation Japanese English of JP 59-196733A] 

portions develop, which is undesirable. 

It is preferable that the inclination angle (9) of the inclined 
paddle agitator blades is 15° • 0 • 70°. 30° • 9 • 60° are particularly 
preferable. When 0 is smaller than 15°, then the flow of the liquid in 
5 the direction of the flow of the liquid in the overall reaction vessel 
becomes weak, so that direct passing through tends to occur, which is 
undesirable. 

On the other hand, if 0 is larger than 70°, then the agitation 
becomes extremely weak, and the dispersion of gas becomes inferior, so 
10 that the revolving speed of the stirring has to be increased considerably. 

When the revolving speed is increased considerably, oscillations 
and warping of the agitator shaft increases, which may lead to 
mechanical defects and is thus undesirable. 

There is not particular limitation regarding the revolving speed of 
15 the agitator blades, and it should be chosen as appropriate in 
consideration of the viscosity of the reaction system, the diameter of the 
agitator blades, etc. As mentioned above, it is not preferable to increase 
the revolving speed to a level that may entail mechanical defects. It is 
not necessary to make the diameters and the inclination angles of the 
20 agitator blades all identical, and they can be chosen as appropriate in 
accordance with the viscosity of the reaction system. 

In the apparatus of the present invention, the following novel 
effects are attained by providing stationary dispersion plates having a 
partitioning effect between the agitator blades: 
25 (1) The fluid including the modifier is finely dispersed within the 
polymer solution, so that a high reaction rate can be attained in a short 
reaction time. 

(2) In particular in gas/liquid systems, the bubbles are unifomily 
and finely dispersed, so that variations in the reaction rate are 

30 extremely small, and the reaction can be regulated to be extremely 
stable. 

(3) The entire reaction vessel is close to a piston flow, so that the 
residence time distribution of the reaction liquid is narrow, and reaction 
products having a uniform composition can be attained. 

35 (4) The desired reaction can be carried out with little motive power. 

The aperture/area ratio of these stationary dispersion plates 
having a partitioning effect to the cross-sectional area within the 
reaction container perpendicular to the agitator shaft should be set to a 
range of 2 to 3%*, preferably 3 to 15%. If the aperture/area ratio is less 

40 than 2%, then the flow speed at the aperture portions becomes large, 
and a very large motive power becomes necessary in order to feed the 
polymer solution forward, which is undesirable. If it exceeds 30%, then 
too much liquid shifts between neighboring cells, and the partitioning 
effect is diminished. 



1 Translator's Note: Possibly a mistake for "2 to 30% w 
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Here, aperture/area ratio of the dispersion plates means the 
ratio of the total aperture area, including the area of the plurality of 
through holes provided in the dispersion plates and the area of the gap 
portion between the dispersion plates and the agitator shaft, with 
5 respect to the cross-sectional area of the reaction container 
perpendicular to the agitator shaft. 

There is no particular limitation regarding the shape of the 
plurality of through holes provided in the dispersion plates, and they 
can be circular, elliptical, cross-shaped or slit-shaped, for example. It is 

10 preferable that the aperture area of the gap portion between the 
dispersion plates and the agitator shaft is as small as possible. 

For performing a continuous modification reaction using the 
reaction apparatus of the present invention, a viscosity of the polymer 
solution of 1 to 100,000 centipoise is suitable, and particularly 1 to 

15 30,000 centipoise are preferable, For low viscosity solutions of less 
than 1 centipoise, it is not necessary to use the apparatus of the 
present invention, and for high viscosity solutions of more than 100,000 
centipoise, the dispersion of the modifier will be inferior even with the 
apparatus of the present invention, and other measures in addition to 

20 the present invention will be necessary. 

Thus, with the present invention, for perforriiing a polymer 
modification reaction, a continuous reaction apparatus is attained, with 
which a modifier in form of a liquid or a gas can be uniformly and finely 
dispersed throughout the polymer solution with little motive force, and 

25 in which the overall reaction vessel has an extremely narrow residence 
time distribution that is close to piston flow. 

Furthermore, making the apparatus of the present invention is 
very simple regarding the fact that for the agitator blades, inclined 
paddles or the like can be used, which are commonly used in industrial 

30 apparatuses. 

Furthermore, since a high reaction rate can be attained when 
using the apparatus of the present invention, when a polymer is 
modified by adding a substance with extremely high toxicity, such as 
halogens, the amount of unreacted halogens is small, and consequently 

35 there is the advantage that after-processing such as neutralization in a 
step downstream from the modification reaction is extremely easy, so 
that after-processing is easy. 

In these regards, the present invention has great versatility and 
is not limited to the embodiment in this specification, and all 

40 apparatuses fulfilling the conditions noted in the patent claims are 
encompassed in the present invention. 

For example, the fluid that is introduced for the reaction can be 
supplied from the side of the cell that is closest to the inlet port, but it 
is also possible to supply various additives from the side of other cells. 

45 It should be noted that in the present invention, reaction rate is 

the value expressed by the proportion of the amount of modifier that 
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has bonded with the rubber polymer to the amount of modifier given to 
the reaction. 

The following is an explanation of working examples. 

5 Working Example 1 

A polymer solution with a solid compound concentration of 10.0 
wt% was prepared by dissolving JSR EP57 (ML 100 ° c u4=90, propylene 
content 28 wt%, iodine value 15.0), which is a commercial EPDM 
(ethylene propylene terpolymer) in low hexane. Then, this polymer 

10 solution was supplied to a reaction container of the present invention at 
120 1/hr (EPDM 8.2 kg/hr) while at the same time supplying chlorine 
gas at 179 Nl/hr (8.9 mol/hr) to the reaction container, and 
chlorination of EPDM was performed continuously. The reaction was 
sustained, regulating the reaction pressure, temperature and stirrer 

15 revolving speed to constant values of 0.5 kg/cm 2 G, 80°C and 140 rpm, 
respectively. 

For the reaction container, a cylindrical reaction container 
according to the present invention as shown in Fig. 1 was used. 

This reaction container has an inner diameter of 350 mm, a 
20 length of 750 mm, and is provided with a jacket and liquid inlet/outlet 
ports. 

The reaction container has an agitator shaft, which is provided 
with four inclined paddle agitator blades with an inclination angle of 
45°, and between these agitator blades, disk-shaped perforated 
25 dispersion plates with a circular aperture portion around the agitator 
shaft are attached to the inner walls of the container, dividing the inside 
of the reaction container into four cells. The size of the inclination 
paddles was 280 mm blade diameter and 75 mm blade width. 

The orientation of the agitator blades is the same for all blades 
30 and the rotation direction is as shown in Fig. 1. 

Furthermore, the thickness of the disk-shaped perforated plate 
is 3 mm, and a total of 300 holes with 5 m diameter are provided 
radially fanning out in 12 directions from the shaft (aperture/area ratio: 
6.6%). 

35 Using such a reaction container, the EPDM chlorination reaction 

was carried out. 

After the reaction has reached constancy, the chlorinated EPDM 
was collected every 5 minutes from the tubing of the reaction container 
outlet port, subjected to a rinsing process, and then, the solvent was 
40 eliminated, the EPDM was dried, and the content of the attached 
chlorine was measured by elemental analysis. As shown in Fig. 3, it 
was found that the chlorine content is regulated extremely favorably. 

It should be noted that the reaction rate of the chlorine was 76% 
on average. 

45 Next, an aqueous solution of sodium hydroxide was added to the 

liquid discharged from the reaction vessel, and unreacted chlorine as 
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well as hydrogen chloride were removed in an elimination process. The 
sodium hydroxide necessary for the elimination process was 2.3 
mol/hr. 

5 Comparative Example 1 

Chlorination of EPDM was performed under the same conditions 
as in Working Example 1, but a gap of 3 mm width was provided 
between the dispersion plates and the inner walls of the reaction 
container, so that the dispersion plates rotated together with the 

10 agitator shaft. For the dispersion plates, perforated dispersion plates 
were used in which the number of holes of 5 mm diameter was reduced 
so that the aperture/area ratio was the same as in Embodiment 1. Fig. 
3 shows the chlorine content, analyzed every 5 minutes after the 
reaction reached constancy. 

15 The reaction rate of the chlorine was 49% on average. 

Furthermore, the sodium hydroxide necessary for the elimination 
process was 6.7 mol/hr. 

Comparative Example 2 

20 The conditions were the same as in Embodiment 1, but instead 

of the inclined paddle agitator blades of the reaction vessel, half-pitch 
double-helix band agitator blades with a blade width of 35 mm, a blade 
shaft length of 150 mm and an outer blade diameter of 330 mm were 
used, and dispersion plates rotating together with the agitator shaft 

25 were attached between the agitator blades, and then the EPDM 
chlorination reaction was performed. For the dispersion plates, the 
plates used in Comparative Example 1 were used. Fig. 3 shows the 
chlorine content, analyzed every 5 minutes after the reaction reached 
constancy. The reaction rate of the chlorine was 30% on average. 

30 

Working Example 2 

A rubber polymer solution with a solid component concentration 

of 5.0 wt% was prepared by dissolving polyisoprene rubber in carbon 

tetrachloride. Then, this polyisoprene rubber solution was supplied to 
35 the same container as in Working Example 1 at a proportion of 2.8 

kg/hr while at the same time supplying chlorine gas at 3,490 Nl/hr 

(156 mol/hr) to the reaction vessel, and a chlorination reaction of 

polyisoprene rubber was performed continuously. 

The reaction was sustained, regulating the reaction pressure, 
40 temperature and stirrer revolving speed to constant values of 1.0 

kg/cm 2 G, 80°C and 140 rpm, respectively. 

After the reaction has reached constancy, the chlorinated 

polyisoprene rubber was collected every 5 minutes from the tubing of 

the reaction container outlet port, subjected to a rinsing process, and 
45 then, the solvent was eliminated, the polyisoprene rubber was dried, 

and the chlorine content was measured. As shown in Fig. 4, it was 
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found that the chlorine content is regulated extremely favorably. The 
reaction rate of the chlorine was 47% on average. 

Comparative Example 3 
5 The chlorination of polyisoprene rubber was performed under 

the same conditions as in Working Example 2, but all dispersion plates 
of the reaction container used in Working Example 2 were removed, and 
the reaction container was used without the dispersion plates. 

Fig. 4 shows the chlorine content, analyzed every 5 minutes after 
10 the reaction reached constancy. 

The reaction rate of the chlorine was 20% on average. 
4. Brief Description of the Drawings 

Fig. 1 shows a reaction apparatus in accordance with the 
present invention. Fig. 2 shows the cell configuration within a reaction 
15 container using inclined paddle agitator blades. 

1: reaction container unit, 2: jacket, 3: agitator shaft, 4: agitator blades, 
5: stationary dispersion plates, 6: inflow port for the reaction, 7: inflow 
port for the reaction, 8: reaction product outlet port, 9: heating medium 
or cooling medium inlet port, 10: heating medium or cooling medium 
20 outlet port, 11: flange, 

Fig. 3 and Fig. 4 are graphs showing the chlorine content over 
time in a chlorination reaction. 
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Drawings: 
Fig. 3 

vertical axis: chlorine content (in wt%) 

horizontal axis: (min) 

Working Example 1 

. . . Comparative Example 1 

Comparative Example 2 



Fig. 4 

vertical axis: chlorine content (in wt%) 

horizontal axis: (min) 

Working Example 2 

Comparative Example 3 

* * * 
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